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Is inner speech involved in sustaining attention, and is this reflected in response times for stimulus detection?
In Experiment 1, we measured response times to an infrequently occurring stimulus (a black dot appearing at
1–3 min intervals) and subsequently asked participants to report on the character of their inner experience at
the time the stimulus appeared. Our main preregistered hypothesis was that there would be an interaction
between inner speech and task relevance of thought with reaction times being the fastest on prompts pre-
ceded by task-relevant inner speech. This would indicate that participants could use their inner voice to
maintain performance on the task. With generalized linear mixed-effects models fitted to a gamma distribu-
tion, we found significant effects of task relevance but no interaction with inner speech. However, using a
hierarchical Bayesian analysis method, we found that trials preceded by task-relevant inner speech addition-
ally displayed lower standard deviation and lower mode (independently of the main effect of task relevance),
suggestive of increased processing efficiency. Due to deviations from the preregistered sampling and anal-
ysis procedures, we replicated our findings in Experiment 2. Our results add support to the hypothesis that
inner speech serves a functional role in top-down attentional control.

Public Significance Statement
This study suggests that reaction time performance on a boring task demanding nothing but sustained
attention benefits from task-relevant inner experience generally and task-relevant inner speech specifi-
cally. This indicates that inner speech is employed as a tool for behavioral control in this domain.
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Theories of inner speech have proposed several different cogni-
tive functions, among which are as a mnemonic device (Emerson
& Miyake, 2003), for speech processing (Jacquemot & Scott,
2006), and for behavioral and attentional control (Alderson-Day &
Fernyhough, 2015b;Morin et al., 2011). In this study, we investigate
the behavioral control function of inner speech. Experience sam-
pling studies and questionnaire studies have suggested that people
often talk to themselves in a self-regulatory way, although these
studies provide little evidence as to whether self-regulatory inner
speech actually has an effect on behavior (Alderson-Day et al.,
2018; Alderson-Day & Fernyhough, 2015a; Morin et al., 2011,
2018; Uttl et al., 2011). Support for this assumption has come
from sport psychology research (Hatzigeorgiadis et al., 2011;
Nedergaard et al., 2021; Tod et al., 2011) where participants are
often trained to talk to themselves in a specific way, with behavioral
outcomes being relatively simple to measure (usually enhanced

endurance performance or motor control). These studies, however,
have methodological challenges such as small convenience samples
and lack of active control groups. In the present study, we wanted to
examine the effects of naturally occurring inner speech that was
either task-relevant or task-irrelevant in a task that was designed to
be uneventful and tedious. Thus, we tested the role of inner speech
in the kind of self-control involved in sustained attention.

Inner Speech and Behavioral Control

Self-talk appears to play an important role in the acquisition,
maintenance, and execution of physical skills (Hatzigeorgiadis et
al., 2011; Tod et al., 2011). It seems to be the case that task-relevant,
focused self-talk is recruited under circumstances that are highly
demanding, either because the athlete is learning a new sport
(Zourbanos et al., 2013), competing against others (Dickens et al.,
2018; Thibodeaux & Winsler, 2018; Van Raalte et al., 2000) or
under high intensity (Aitchison et al., 2013; Nedergaard et al.,
2021). In the first study to test self-talk and physical performance
with a dual-task interference paradigm (Nedergaard, Wallentin, &
Lupyan, 2022), Nedergaard, Christensen, and Wallentin (2022)
found that participants who cycled on an exercise bike while engaged
in simultaneous verbal interference were slower than when they were
cycling without interference. In dual-task paradigms such as this, a
specific negative effect of verbal interference is taken tomean that par-
ticipants under normal circumstances benefit (in this case in the form
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of better cycling performance) from being able to talk to themselves
(see Nedergaard, Christensen, & Wallentin, 2022, for a comprehen-
sive review of the verbal interference literature).
Aside frommotor control, it also appears that people recruit internal

language for impulse control more generally—to stay focused on a
task that is tedious or to refrain from making inappropriate responses.
For example, Tullett and Inzlicht (2010) tested inhibitory control in a
Go/No-Go task in combination with a verbal interference paradigm
and found that when participants were engaged in articulatory sup-
pression, they were more prone to impulsive responding as indicated
by a greater tendency to make a “Go” response. The authors inter-
preted their findings to mean that people usually use their inner
voice to inhibit impulsive responding. The evidence from cognitive
psychology parallels that from sport psychology in that inner speech
appears to be especially recruited under challenging circumstances,
when learning new skills or when a high degree of top-down control
is necessary (Emerson & Miyake, 2003; Kray et al., 2008).
In situations demanding top-down control of attention, mind-

wandering is associated with failures to monitor task performance,
thus leading to more errors (Smallwood et al., 2007). The literature
on mind-wandering has generally not been concerned with the spe-
cific modality in which inner experience takes place, but rather
whether it is task-relevant or not. “Inner experience” in this context
refers to subjectively experienced mental phenomena such as feelings,
desires, thoughts, reasonings, and decisions that are accessible to ver-
bal report. Interestingly, response times in a sustained attention task
(theMetronomeResponse Task) showedmore variability prior to self-
reported mind-wandering compared to response times prior to self-
reported task-relevant inner experience (Seli, Carriere, et al., 2013;
Seli, Cheyne, & Smilek, 2013). As in our present study, Seli and col-
leagues recruited participants online. In the present study, we attempt
to explicate the mechanisms underlying the increased variability in
reaction time associated with task-irrelevant inner experience. We
do this by putting more emphasis on the format of inner experience.
Previous mind-wandering studies have also found that performance
is connected to task-relevant or task-irrelevant thought. For example,
Welhaf et al. (2020) also probed participants’ thoughts after different
response time tasks (e.g. Stroop and Flanker tasks) and found that
“task-unrelated thought” (reports of thinking about “everyday things,”
“current state of being,” “personal worries,” “daydreams,” “external
environment,” or “other” thoughts) correlated more strongly with par-
ticipants’worst response times than with best or mean response times.
No distinction between verbal and non-verbal thoughts was made.

Measuring Inner Experience

It appears that inner speech and task-relevant experience are
related to better motor and attentional control. But how can we
knowwhat the content of experience is? In recent years, one method,
in particular, has received considerable attention: Descriptive
Experience Sampling. This method has participants carry a beeper
and note down the format and content of their internal experience
at random points during the day. Using this method and others
like it, we generally see five main types of internal experience:
inner voice, inner seeing, sensory awareness, unsymbolized think-
ing, and feelings. These each appear to occur in approximately
25% percent of sampled experiences, and multiple experience
types can occur at the same time (Heavey & Hurlburt, 2008). It is
worth noting, however, that the reporting of the phenomena of

inner experience is highly susceptible to the way the questions are
phrased. In a different experience sampling study, Uttl et al.
(2012) for example found that inner speech occurred in 60% of sam-
pled moments, potentially because they did not allow for other types
of inner experience. Interestingly, questionnaire-based methods
appear to overestimate the frequency of all experience types com-
pared with Descriptive Experience Sampling (Hurlburt et al.,
2022). Overall, inner speech appears to be self-centered (Morin et
al., 2011) and to serve problem-solving, planning, motivational,
mnemonic, and evaluation functions (Morin et al., 2018).
Nevertheless, given the controversy surrounding the reliability and
validity of introspection in this area, the relationship between
inner speech and behavioral control still proves elusive.

The Present Study

In the present study, we investigate how people manage to stay
focused on a task that does not demand anything but their visual atten-
tion. We were interested in whether the format and content of inner
experience immediately before a reaction time prompt had any influ-
ence on the speed with which participants were able to respond to the
prompt. In order to allow participants’ minds to wander, we inserted
relatively long breaks between stimuli. The experiment was intention-
ally boring to ensure that participants needed to exercise self-control
to stay focused. This was particularly important as the experiment
took place online, meaning that any drive to comply with the experi-
menter was greatly diminished. The design of the present experiment
illustrates a novel way of measuring the relationship between inner
experience and behavior. It avoids the resource-intensiveness of
Descriptive Experience Sampling and alleviates the lack of reliability
associated with questionnaire measures by being concurrent and non-
theorizing (Ericsson & Simon, 1980).

After each trial, participants answered questions about their
inner experiences. These questions (see Table 1) were inspired by
Descriptive Experience Sampling research. We thus asked if their
inner experience took the form of inner voice, inner seeing, unsym-
bolized thinking, feelings, or sensory awareness. Of these five,
“unsymbolized thinking” is perhaps the most opaque—it is
described by Heavey and Hurlburt (2008) as “Thinking a particular,
definite thought without the awareness of that thought’s being con-
veyed in words, images, or any other symbols” (p. 802). Inspired by
the mind-wandering literature (Gonçalves et al., 2017; Maillet &
Rajah, 2013; Mrazek et al., 2012; Smallwood et al., 2007), we
also asked participants whether their experience was task-relevant
or not, whether their experience was about past, present, or future,
and whether they were aware of their experience before the prompt
appeared. Previous studies (Smallwood & Schooler, 2015) occa-
sionally differentiate between perceptually guided, on-task focus
(e.g. focus on task requirements) and self-generated, task-related
thoughts (thoughts about the task that are not about a focus on com-
pleting it, e.g. “this task is so boring!”). The former would plausibly
appear in our study as task-relevant sensory awareness (i.e. focus on
the visual stimulus of the fixation cross). The latter could be
task-relevant experiences of any format.

If participants responded that their inner experience had a verbal
quality, we asked them some additional questions inspired by
Alderson-Day and colleagues and their research on inner speech
and self-regulation (Alderson-Day et al., 2018). These additional
questions were about how dialogic, condensed (i.e. experienced as
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abbreviated or with missing syntactic or morphological elements
compared to normal, out-loud speech—but with meaning retained),
and evaluative their inner speech was, and whether they had the
experience of other people’s voices.
We decided to collect data online for several reasons. First,

it made it possible to recruit a larger sample than would have been
possible for practical reasons in the laboratory. Second, participants
recruited online are likely to represent a more diverse and represen-
tative group than participants at a behavioral laboratory at a
university. Laboratory participants are generally highly skewed
toward high socioeconomic status and high levels of education
(Hartshorne, 2020), and studies conducted online are found to
yield at least as good data as studies conducted in the laboratory
(Hartshorne et al., 2019).
Our preregistered hypotheses were as follows (https://osf.io/stfn5):

H1: Task-relevant inner experience will generally be associated
with faster reaction times to the prompt.

H2: Specifically, task-relevant inner speech will be associated
with faster reaction times than other types of inner experience.

H3: The proportions of types of inner experience will resemble
those found in other experience sampling studies.

H4 (exploratory): Self-regulatory inner speech may be more
important as the experiment progresses. If this is the case, we pre-
dict an interaction between the inner speech factor and time with
the difference between task-relevant inner speech and task-relevant
other experience becoming more pronounced over time.

H5 (exploratory—see Registration 2): Response time variance
will be lower for task-relevant inner speech trials.

Method: Experiment 1

Transparency and Openness Statement

We report how we determined our sample size, all data exclusions
(if any), all manipulations, and all measures in the study. All data,
analysis code, and research materials are available at https://osf.io/
jgx7m/. Data were analyzed using R, version 4.0.0 (R Core Team,
2022), and the package ggplot, version 3.2.1 (Wickham, 2016).
This study’s design and its analysis were preregistered (https://osf
.io/stfn5).

Participants

Power analysis conducted using the R package “simr” (Green &
MacLeod, 2016) based on pilot data from 10 participants suggested
that we needed to recruit 120 participants to be able to detect a 40 ms
difference between task-relevant and task-irrelevant trials with a
power of 94.00% (95% CI [83.45, 98.75]). The linear mixed
model used in this power analysis was a model of task relevance pre-
dicting reaction time (as normally distributed) with random inter-
cepts modeled for each participant. We did not initially test for our
power to detect an interaction effect which a reviewer pointed out.
We conducted this analysis post hoc and found that our power to
detect an interaction effect of 40 ms between inner speech and
task relevance was 44% [29.99, 58.75]. The model used for this
power analysis was identical except that both task relevance, inner
speech, and the interaction between them were included as predic-
tors. The post hoc power analysis suggested that we would need
220 participants to detect an interaction effect of 40 ms with a
power of 79% [69.71, 86.51]. This power analysis provides further
justification for re-analyzing the data using Bayesian methods (see
Unregistered Analyses section) because such methods let us focus
on how confident we can be about the size of the effects rather
than their likelihood of being detected by significance tests. We
will discuss the Bayesian analysis in more detail after first reporting
the preregistered analyses. We recruited all participants through the
online platform Prolific and required that they had English as their
first language and access to a desktop browser. These factors neces-
sarily constrain the generalizability of our results. Native English
speakers with access to a desktop browser may not be universally
representative as a sample. Nevertheless, the language constraint
was necessary to ensure that participants understood the instructions,
and the equipment constraint was necessary to minimize technical
errors during the experiment. Recruiting participants on an online
platform such as Prolific yields a wider demographic range than
recruiting from a university setting so we believe our results are rel-
atively generalizable.

In the first round of data collection, not enough participants
reported all four combinations of task-relevant experience and
inner speech (task-relevant inner speech, task-irrelevant inner
speech, task-relevant non-inner speech, and task-irrelevant non-
inner speech). In fact, only 77 out of 120 reported all four kinds
of experience. This meant that we did not reach the threshold estab-
lished by our power analysis, and we thus needed to collect data from
more participants. We submitted another preregistration before the

Table 1
The Questions Posed to Participants After Each Circle Prompt

Question (inner experience) Options

Were your thoughts about the current task or not? “Yes,” “No,” “I don’t know”
Were your thoughts about past, present or future? “Past,” “Present,” “Future,” “I don’t know”
Were you aware of your own thoughts before you saw the circle? “Yes,” “No,” “I don’t know”
How would you characterize your inner experience just before you saw the
circle?

“Inner voice,” “Inner seeing,” “Unsymbolized thinking,” “Sensory awareness,”
“Feelings”

Question (inner speech-specific) Options
I was having a back and forth conversation in my head. “Disagree,” “Partially disagree,” “Neither agree nor disagree,” “Partially agree,”

“Agree”
My thinking was shortened compared to my normal, out-loud speech. Same as the above.
I was having the experience of other people’s voices. Same as the above.
I was evaluating my behavior using my inner speech. Same as the above.
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second round of data collection (https://osf.io/jb3c8). Below we
report results from the first and second rounds combined for brevity
and clarity. See the online supplemental materials for analyses sep-
arated into the first and second rounds. See Table 2 for the demo-
graphic data for participants in both rounds of data collection.
Ethical approval for the experiment was obtained through the
Institutional Review Board at Aarhus University.

Materials

The experiment was custom-written in JavaScript using the
jsPsych library (De Leeuw, 2015). In order to ensure that partici-
pants stayed focused on the task, we recorded their browser interac-
tions (a feature built into jsPsych)—when they left and entered
full-screen mode, when they left and entered the tab the experiment
was in (“blur” and “focus,” respectively), the index of the trial they
were in when the browser event occurred, and the time since the
experiment started. The black dot prompt that participants had to
respond to had a diameter of approximately 20% of the screen
width (gray background).

Procedure

Participants first saw an instruction screen that informed them
what the experiment was about, encouraged them to read an attached
informed consent sheet, and instructed them that they had to keep
their gaze fixed on a fixation cross during waiting periods and that
they would only have one second to respond to each prompt.
Participants then went through a short set of three practice trials
with shorter interstimulus intervals than the real experiment (a few
seconds instead of a few minutes) to get used to responding to the
circle prompt. In the real experiment, each participant responded
to eight circle prompts. The order of the interstimulus intervals
was randomized for each participant (30, 50, 60, 70, 120, 120,
150, 180 s). If they failed to respond to a circle prompt within 1 s,
they saw a feedback screen showing the number of missed prompts
they had accumulated (in the form of red dots). See Figure 1 for a
schematic of the experiment progression. After the circle prompt
and the feedback, participants were asked about their inner experi-
ence (see Table 1 for the full set of questions). The specific prompt
was “Think back to the moment just before you saw the circle and try
to remember exactly what was going through your head immediately
before you saw it.” The data were collected in June, July, and
September 2021.
When the participant had responded to all eight circle prompts,

they were also asked whether they talked to themselves to stay
focused throughout the experiment.

Results: Experiment 1

Because the study was conducted online, we expected a high
degree of variability in responses as we could not control partici-
pants’ immediate environment, and they were likely to be a more
heterogenous sample than the usual university students. We report
first the preregistered analyses and then unregistered analyses.
In all modeling, we excluded trials where participants answered
“I don’t know” to the task relevance questions as some cells
would otherwise have less than five instances.

Descriptive Statistics

We report both the results from the first and second data collection
rounds combined (see above for details). In the interest of transparency,
separate statistics are reported in the online supplemental materials.

Reaction Time

As detailed in the preregistration, we excluded trials with reaction
times below 200 ms and trials from participants who missed three
prompts (22 participants). Aside from these participants whose
data were not included, we excluded 75 trials where participants
were too slow to respond (RT, 1,000 ms, 4.6% of all trials).
Consistent with our conception of reaction times as waiting times,
the reaction time data were gamma rather than normally distributed
(see Figure 2).

Participants had a mean reaction time of 474.15 ms (SD=
126.83) and a median reaction time of 448.23 ms, supporting the
assumption that reaction times were positively skewed and thus
followed a gamma rather than a normal distribution.

The fitted models’ log-likelihoods are as follows: Normal=
−10,149.80; gamma=−10,013.54. The higher the log-likelihood,
the better the fit, confirming that the gamma distribution fits the data
best. For that reason, as well as for theoretical reasons (Lo &
Andrews, 2015), we use a gamma distribution for the remaining
analyses.

Experience Questions

See Table 3 and Figure 3 for proportions of reported inner expe-
rience types. Chi-square tests suggested that task relevance and

Table 2
Demographic Data for All Participants in Both Rounds of Data
Collection

N (after exclusions) 212
Excluded (failed to respond to three prompts) 22
Female 117
Male 92
Data from Prolific expired 3
Median age (range) 31 years (18–83)
Median time spent (range) 19 min 5 s

(15 min 22 s–62 min 25 s)

Figure 1
Illustration of the Experiment Progression

Note. See the online article for the color version of this figure.
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experience type were not independent when excluding trials where
participants responded “I don’t know” to the task relevance question
(χ2= 76.72, df= 4, p, .001).

Inner Speech Questions

Participants reported that their inner voice was condensed, evalu-
ative and dialogic (≍50% of the trials), but rarely the voice of some-
body else (≍10% of the trials) (Figure 4, left). This pattern of
responses is comparable to a previous study (Figure 4, right) using
similar items (Alderson-Day et al., 2018), despite the differences
in Likert scales (five-point in ours and seven-point in the original
VISQ-R study). In our sample, 24.1% of participants never reported
experiencing inner speech.
When asked at the end of the experiment whether they had talked

to themselves to stay focused during the experiment, 164

participants (77.4%) said that they had and 48 participants
(22.6%) said that they had not.

Task Relevance as a Predictor of Reaction Time

We fitted a gamma generalized linear mixed model with a log link
function with reaction time predicted by task relevance. The model
included random intercepts for each participant. Task relevance sig-
nificantly predicted reaction time (β=−0.02, SE= 0.01, p= .037)
with trials preceded by task-relevant experience having a faster reac-
tion time than trials preceded by task-irrelevant experience. As the
coefficients are in log space, we back-transformed them for interpret-
ability and found that reported task-relevant inner experience was
associated with a 2% decrease in reaction time. To check that the
effect was not just driven by a few individuals, we examined how
many of the participants were faster with task-relevant experience.
This was the case for 64.8% of the participants who reported both
kinds of trials (N= 145).

Task Relevance and Inner Speech as Combined
Predictors of Reaction Time

We fitted a gamma generalized linear mixed model with a log link
function with reaction time predicted by task relevance, inner
speech, and the interaction between them. The model included ran-
dom intercepts for each participant. None of the predictors were stat-
istically significant in this model (all p. .264). It is important to
take particular note of the fact that task relevance was no longer a
significant predictor when combined with inner speech in this
model. This suggests that the effect of task relevancewas at least par-
tially explained by its interaction with inner speech (see Bayesian
models below).

The Effect of Trial Progression

We fitted a gamma generalized linear mixed model with a log link
function with reaction time predicted by task relevance and trial pro-
gression. The model failed to converge with random intercepts for
each participant so we did not include them. Trial significantly pre-
dicted reaction time (β= 0.01, SE= 0.005, p= .039) with later tri-
als being associated with slower reaction times. As the coefficients
are in log space, we back-transformed them for interpretability and
found that each increase in trial was associated with a 1.1% increase
in reaction time. There was no interaction between trial progression
and task relevance ( p= .276).

Unregistered Analyses

During analyses, we noticed an interesting pattern in the distribu-
tions of the results which seemed to be related to the spread of the

Figure 2
Fitted Gamma and Normal Distributions for Reaction Times
Across All Participants

Note. The gamma distribution models a continuous distribution with two
parameters (shape and rate) which is often used to model wait times and
other phenomena that are always positive and skewed. When the shape
parameter is.1, the distribution is positively skewed. The normal distribu-
tion is symmetric and models a continuous distribution with two parameters
(mean and standard deviation). See the online article for the color version of
this figure.

Table 3
Reported Types of Inner Experience in Percentages Across All Prompts (Eight Per Participant)

Experience type Task-relevant (count) Task-irrelevant (count) “I don’t know” responses (count) Percentage of total samples

Feelings 88 66 8 9.44%
Inner seeing 113 117 10 13.99%
Inner voice 335 276 10 36.19%
Sensory awareness 288 85 6 22.09%
Unsymbolized thinking 134 142 18 17.13%
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data rather than necessarily the central tendencies (see Figure 5). It
appeared that task-relevant inner speech trials were different from
the types of trials in a way that was not captured by our preregistered
analyses. Specifically, it appeared that not only might the peak of the

reaction time distribution be shifted as an effect of task relevance,
but also that the spread or variability in reaction times might be dif-
ferent, and that task-relevant inner speech might also increase the
precision of response times (Figure 5). For this reason, we con-
structed a new analysis that simultaneously modeled both changes
in mode and changes in precision of the reaction time distribution.
To do this we used hierarchical Bayesian modeling. This has the
added advantage of avoiding some of the convergence problems
in the preregistered analysis. In addition, the power analysis we con-
ducted suggested that we did not have sufficient power to detect
an interaction effect between inner speech and task relevance.
The Bayesian analysis ameliorates this problem, by allowing us to
report an inference that is not dependent on assumptions about the
long-run likelihood that a true effect can be detected by a signifi-
cance test.

Hierarchical Bayesian Models

Conducting hierarchical Bayesian analyses allowed us to model
each individual participant’s reaction times as gamma distributions
and let us test for differences in both variation and central tendency
instead of just central tendency. We compiled the models detailed
below using JAGS (Just Another Gibbs Sampler) which uses
MCMC (Markov chain Monte Carlo) sampling (Plummer, 2003).
Our JAGS models were implemented in R using the R2JAGS pack-
age (Su & Masanao, 2021). We were interested in the differences
between modes and standard deviations for trials following
task-relevant versus task-irrelevant experience (main effect of task
relevance) and whether task-relevant inner speech reduced both
the mode and the standard deviation of the reaction time distribution.
For all models, the full model specifications can be found in the
online supplemental materials. The different effects of interest

Figure 4
On the Left are the Answers to the Inner Speech Questions in the Present Experiment

Note. On the right are the answers extracted fromVISQ-R (Alderson-Day et al., 2018). Note that we had afive-point Likert scalewhile Alderson-Day et al. had
a seven-point Likert scale. See the online article for the color version of this figure.

Figure 3
Visualization of Reported Types of Inner Experience and Whether
They Were Relevant to the Task or Not Across All Prompts (Eight
Per Participant)

Note. The difference in proportions between task-relevant/task-irrelevant
thoughts was significant. The main difference seems to be sensory aware-
ness, which is reported more frequently for task-relevant thought. See the
online article for the color version of this figure.
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(main effect of task relevance and the interaction between task rele-
vance and inner speech) were tested by defining different contrasts.
Priors. The prior for the difference in mode was modeled using

an uninformative prior as a normal distribution with a mean of 0 and
a standard deviation of 32 while the prior for the difference in log

precision
1���
s2

√
( )

was modeled as a normal distribution with a

mean of 0 and a standard deviation of 3.2.
Main Effect of Task Relevance. For this model, we had three

chains and 10,000 iterations (first 5,000 discarded). The overall dif-
ference in mode between task-relevant and task-irrelevant trials was
−9.91 ms (95% CI [−21.69 to 1.97]). The Rhat was 1.001, and the
effective sample size was 14,000. The overall difference in log pre-
cision was 0.12 [−0.03 to 0.27]. The Rhat was 1.001, and the effec-
tive sample size was 15,000. See Figure 6 for posterior estimates of
the gamma distributions following task-relevant and task-irrelevant
trials. As is evident from the credible intervals, the estimates for both
parameters overlap with zero and thus there is not convincing evi-
dence for a difference in either central tendency or spread between
task-relevant and task-irrelevant trials.
Task-Relevant Inner Speech Against All Other Trials. We

tested task-relevant inner speech trials against all other trials.
For this model, we had three chains and 10,000 iterations (first
5,000 discarded). The overall difference in mode between
task-relevant inner speech trials and the other types of trials was
22.97 ms (95% CI [10.46–35.81]). The Rhat was 1.001, and the
effective sample size was 15,000. The overall difference in log

precision was −0.42 [−0.59 to −0.24]. The Rhat was 1.001, and
the effective sample size was 15,000. As is evident from the credible
intervals, neither of the estimates for the parameters overlap with
zero and thus there is convincing evidence for a difference in both
central tendency and spread between task-relevant inner speech tri-
als and all other types of trials. See Figure 7 for estimated gamma
distributions on trials preceded by task-relevant inner speech and
all other trials.

Task-Relevant Inner Speech Against Task-Relevant
Non-Inner Speech. At the request of a reviewer, we tested trials
preceded by a task-relevant inner speech against trials preceded by
task-relevant experience not in the form of inner speech. This com-
parison was designed to check that the effect of the task-relevant
inner speech was not driven by any main effect of task relevance.
For this model, we had three chains and 10,000 iterations (first
5,000 discarded). The comparison was not preregistered, and the
model specification can be accessed through the online supplemen-
tal materials alongside the other models. The overall difference in
mode between task-relevant inner speech trials and task-relevant
non-inner speech trials was 16.82 ms (95% CI [2.73–30.61]).
The Rhat was 1.001, and the effective sample size was 15,000.
The overall difference in log precision was −0.39 [−0.58 to
−0.19]. The Rhat was 1.001, and the effective sample size was
15,000. As is evident from the credible intervals, neither of the esti-
mates for the parameters overlap with zero and thus there is convinc-
ing evidence for a difference in both central tendency and spread.
See Figure 8.

Interim Summary

The results of our preregistered analyses suggest that task-relevant
inner experience is associated with faster reaction times to infre-
quently occurring prompts. However, these results are in conflict
with our unregistered hierarchical Bayesian models which suggest

Figure 5
Visualization of the Densities of Reaction Times in the Four
Combinations of Task Relevance and Inner Speech

Note. Note that the mode of task-relevant trials is lower than those of
task-irrelevant trials. Also, note that the width of the task-relevant inner
speech distribution seems to be narrower than those of the other conditions.
This suggests that trials preceded by task-relevant inner speech is associated
with greater RT precision. We used hierarchical Bayesian modeling to
investigate this. See the online article for the color version of this figure.

Figure 6
Posterior Estimates of the Reaction Time Gamma Distributions on
Task-Relevant (Purple) and Task-Irrelevant (Green)

Note. Vertical lines indicate modes. See the online article for the color ver-
sion of this figure.
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that only trials preceded by task-relevant inner speech are associated
with faster and less distributed reaction times compared with other
types of experience. Inner speech occurred more frequently than
the other four types of inner experience, contrasting with findings
from Descriptive Experience Sampling studies where each type of
experience occurs in 20%–25% of sampled moments (Heavey &
Hurlburt, 2008). This may be a product of the experience types
being mutually exclusive in our experiment while it is possible
to report for example both “Inner voice” and “Feelings” in

Descriptive Experience Sampling studies. On trials where partici-
pants reported inner speech, they were also asked to report how con-
densed, dialogic, and evaluative their inner voice was, and how
much they had the experience of other people’s voices. These reports
were comparablewith findings from questionnaire studies using sim-
ilar questions (Alderson-Day et al., 2018).

Because we conducted some additional analyses that we had not
preregistered—notably the hierarchical Bayesian models—we
decided to conduct the entire experiment again as a replication.
The replication was also preregistered (https://osf.io/dvwbg).

Method: Experiment 2 (Replication)

The method was almost identical to the method in Experiment 1
with one change: Instead of eight trials per person, we had 12 trials
per person to allow us to more robustly test the interaction between
trial progression and inner experience. The order of the interstim-
ulus intervals was again randomized for each participant (30 s
twice, 40 s, 50 s twice, 60 s twice, 70 s, 120 s twice, 150 s,
180 s). Because this increased the duration of the experiment
from approximately 20 min to approximately 26 min, we also
increased the compensation from £3 to £4. The data were collected
in January 2022 (Table 4).

Results: Experiment 2 (Replication)

Descriptive Statistics

Reaction Times

As detailed in the preregistration, we excluded trials with reaction
times below 200 ms and trials from participants who missed three
prompts (24 participants). Aside from these participants whose
data were not included, we excluded 76 trials where other partici-
pants were too slow to respond (RT. 1,000 ms, 2.9% of all trials).
As predicted, the reaction time data were gamma rather than nor-
mally distributed (see Figure 9).

The distribution of response times was very similar to that
observed in Experiment 1. Participants had a mean reaction time
of 468.3 ms (SD= 125.61) and a median reaction time of
442.95 ms, supporting the assumption that reaction times were
positively skewed and thus followed a gamma rather than a normal
distribution.

The fitted models’ log-likelihoods are as follows: Normal=
−16,180.03; gamma=−15,934.14. The higher the log-likelihood,
the better the fit, confirming that the gamma distribution fits the data
best. For that reason and for theoretical reasons (see Lo & Andrews,
2015), we use a gamma distribution for the remaining analyses.

Figure 8
Posterior Estimates of the Reaction Time Gamma Distributions on
Task-Relevant Inner Speech Trials (Purple) and Task-Relevant
Non-Inner Speech Trials (Green)

Note. Vertical lines indicate modes. See the online article for the color ver-
sion of this figure.

Figure 7
Posterior Estimates of the Reaction Time Gamma Distributions on
Task-Relevant Inner Speech Trials (Purple) and All Other Types of
Trials (Green)

Note. Vertical lines indicate modes. See the online article for the color ver-
sion of this figure.

Table 4
Demographic Data for All Participants in the Replication

N (after exclusions) 222
Excluded (failed to respond to three prompts) 24
Female 134
Male 88
Median age (range) 34 (18–76)
Median time spent (range) 23 min 24 s

(18 min 30 s–69 min 59 s)
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Experience Questions

See Table 5 and Figure 10 for proportions of reported inner
experience types. The distribution resembled the one observed in
Experiment 1. Chi-square tests suggested that task relevance and
experience type were not independent when excluding trials where
participants responded “I don’t know” to the task relevance question
(χ2= 112.45, df= 4, p, .001).

Inner Speech Questions

See Figure 11 for how participants answered the specific ques-
tions about the nature of their inner speech as well as how our
experiment compares with a previous study using similar items
(Alderson-Day et al., 2018). Despite the differences in Likert scales
(five-point in ours and seven-point in the original VISQ-R study), it
is evident that proportions are comparable. In our sample, 26.1% of

participants never reported experiencing inner speech (comparable
to 24.1% in Experiment 1).

When askedwhether they had talked to themselves to stay focused
during the experiment, 165 participants (74.3%) said that they had
and 57 participants (25.7%) said that they had not. This is compara-
ble to proportions in Experiment 1.

Hierarchical Bayesian Model: Replication

For all models, the full model specifications can be found in the
online supplemental materials. The different effects of interest
(main effect of task relevance and the interaction between task
relevance and inner speech) were tested by defining different con-
trasts. See Figure 12 for a density plot of reaction times following
task-relevant inner speech, task-irrelevant inner speech, task-
relevant non-inner speech, and task-irrelevant non-inner speech.

Priors

We used uninformative priors for both the difference in mode and
standard deviation. The prior for the difference in mode was mod-
eled as a normal distribution with a mean of 0 and a standard devia-

tion of 32 while the prior for the difference in log precision
1���
s2

√
( )

was modeled as a normal distribution with a mean of 0 and a stan-
dard deviation of 3.2.

Main Effect of Task Relevance

For this model, we had three chains and 10,000 iterations (first
5,000 discarded). The overall difference in mode between
task-relevant and task-irrelevant trials was 18.3 ms (95% CI
[8.29–27.84]). The Rhat was 1.001, and the effective sample size
was 14,000. The overall difference in log precision was −0.28
[−0.4 to −0.16]. The Rhat was 1.001, and the effective sample
size was 15,000. See Figure 13 for posterior estimates of the
gamma distributions following task-relevant and task-irrelevant tri-
als. As is evident from the credible interval, neither of the estimates
for the parameters overlap with zero and thus there is convincing evi-
dence for a difference in both central tendency or spread between
task-relevant and task-irrelevant trials. To better compare with
Experiment 1, we also conducted the Bayesian models on only the
first eight trials from the replication data. Here, the overall difference
in mode between task-relevant and task-irrelevant trials was
12.60 ms [0.77–23.98], and the overall difference in log precision
was −0.25 [−0.4 to −0.10].

Figure 9
Fitted Gamma and Normal Distributions to All Trials Across
Participants

Note. The gamma distribution models a continuous distribution with two
parameters (shape and rate) which is often used to model wait times and
other phenomena that are always positive and skewed. When the shape
parameter is.1, the distribution is positively skewed. The normal distribu-
tion is symmetric and models a continuous distribution with two parameters
(mean and standard deviation). See the online article for the color version of
this figure.

Table 5
Reported Types of Inner Experience in Percentages Across All Prompts (Twelve Per Participant)

Experience type Task-relevant (count) Task-irrelevant (count) “I don’t know” responses (count) Percentage of total responses

Feelings 169 153 26 13.06%
Inner seeing 165 136 11 11.71%
Inner voice 450 324 23 29.92%
Sensory awareness 502 134 29 24.96%
Unsymbolized thinking 273 228 41 20.35%
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Task-Relevant Inner Speech Against All Other Trials

For this model, we had three chains and 10,000 iterations (first
5,000 discarded). The overall difference in mode between
task-relevant inner speech trials and all other trials was 18.08 ms
(95% CI [7.51–28.57]). The Rhat was 1.001, and the effective sam-
ple size was 15,000. The overall difference in log precision was
−0.3 [−0.45 to −0.15]. The Rhat was 1.001, and the effective

sample size was 3,300. As is evident from the credible intervals,
neither of the estimates for the parameters overlap with zero and
thus there is convincing evidence for a difference in both central
tendency or spread between task-relevant inner speech trials and
other types of trials. See Figure 14 for estimated gamma distribu-
tions on trials preceded by task-relevant inner speech and all
other trials.

Task-Relevant Inner Speech Against Task-Relevant
Non-Inner Speech

At the request of a reviewer, we tested trials preceded by
task-relevant inner speech against trials preceded by task-relevant
experience not in the form of inner speech. This comparison was
designed to check that the effect of task-relevant inner speech
was not driven by any main effect of task relevance. For this
model, we had three chains and 10,000 iterations (first 5,000 dis-
carded). The overall difference in mode between task-relevant
inner speech trials and all other trials was 9.82 ms (95% CI
[−1.47 to 21.14]). The Rhat was 1.002, and the effective sample
size was 3,100. The overall difference in log precision was
−0.21 [−0.37 to −0.05]. The Rhat was 1.001, and the effective
sample size was 4,300. As is evident from the credible intervals,
the difference in modes overlaps with zero so there is only weak
evidence for a difference in the central tendency in reaction time.
The credible interval of the difference in log precision, on the
other hand, does not overlap with zero, and thus there is convincing
evidence that task-relevant inner speech trials show lower variance.
See Figure 15 for estimated gamma distributions on trials preceded
by task-relevant inner speech and task-relevant non-inner speech
trials.

Figure 10
Visualization of Reported Types of Inner Experience and Whether
They Were Relevant to the Task or Not Across All Prompts (Twelve
Per Participant)

Note. See the online article for the color version of this figure.

Figure 11
On the Left, We See the Answers to the Inner Speech Questions in the Present Experiment

Note. On the right, we see the answers from VISQ-R (Alderson-Day et al., 2018). Note that we had a five-point Likert scale while Alderson-Day et al. had a
seven-point Likert scale. See the online article for the color version of this figure.
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Discussion

Across two online experiments (an original and a near-identical
replication), we found evidence that participants can respond faster
and with less variable response times to infrequently occurring

prompts by talking to themselves about the task. Task-relevant
inner experience in general was associated with faster reaction
times (especially in the replication which was longer and thus
more demanding of self-control), and this interacted with inner
speech. These findings suggest two important things: (a) Humans
can use their inner voice for focused control of attention in tedious
situations, (b) This use of inner voice can decrease reaction times
and reduce variability in responses.

Figure 12
Visualization of the Densities of Reaction Times in the Four
Combinations of Task Relevance and Inner Speech

Note. As in the original experiment, we used hierarchical Bayesian mod-
eling to investigate the distributions. See the online article for the color ver-
sion of this figure.

Figure 13
Posterior Estimates of the Reaction Time Gamma Distributions on
Task-Relevant Trials (Purple) and All Task-Irrelevant Trials
(Green)

Note. Vertical lines indicate modes. See the online article for the color ver-
sion of this figure.

Figure 14
Posterior Estimates of the Reaction Time Gamma Distributions on
Task-Relevant Inner Speech Trials (Purple) and All Other Types of
Trials (Green)

Note. Vertical lines indicate modes. See the online article for the color ver-
sion of this figure.

Figure 15
Posterior Estimates of the Reaction Time Gamma Distributions on
Task-Relevant Inner Speech Trials (Purple) and Task-Relevant
Non-Inner Speech Trials (Green)

Note. Vertical lines indicate modes. See the online article for the color ver-
sion of this figure.
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Interaction Between Task Relevance and Inner Speech

Traditional generalized linear mixed models were unable to detect
the interaction effect between task relevance and inner speech
because the differences appeared to be in both the central tendency
and the variability of the reaction time distribution, and not just the
central tendency. To further explore these differences, we applied
hierarchical Bayesian models to the data and found good evidence
for the expected interaction effect. Because the hierarchical
Bayesian analysis was not included in our preregistration and to
test the robustness of our results, we decided to run a near-identical
replication which confirmed the pattern found in the first experiment.
One important difference was that the main effect of task relevance
was not supported by the hierarchical Bayesian models in the orig-
inal experiment. However, in the replication, which featured 12 trials
per person instead of eight, there appeared to be robust evidence for
the effect of task relevance in the Bayesian model. This may suggest
that task relevance becomes more important as the self-control
demands rise with time. This is consistent with previous research
on sustained attention (Lichstein et al., 2000), and the relationship
with inner speech would be an interesting avenue for future studies
to explore both empirically and through formal theoretical models. A
direct comparison between task-relevant inner speech trials and
task-relevant non-inner speech trials in the replication experiment
suggested that the contribution of inner speech over and above the
effect of task relevance lay mostly in reducing the variability in
responses and not so much in making the responses faster.

Modeling of Reaction Times

We decided to use gamma distributions to model the reaction
times in this study because gamma distributions are associated
with wait times and serial stages of processing of events that must
occur before a given response. Each of these stages has a finish
time that is exponentially distributed (Van Zandt & Ratcliff,
1995). In the present case, the stages conceivably are as follows:

1. Visually registering the circle prompt.
2. Returning attention from being off-task (if necessary).
3. Recalling and preparing the appropriate reaction (pressing

the button quickly).
4. Executing the motor, n.d.

Task relevance presumably reduces reaction time by skipping
stage 2 (removing one exponentially distributed component). The
reason why task-relevant inner speech would be associated with a
narrower distribution is conceivable that you can use your inner
voice to prime the appropriate reaction (i.e. enhancing attention to
the task and its requirements at stage 3). This fits well with recent
findings from sport psychology suggesting that a self-talk interven-
tion can increase attentional control (Galanis et al., 2022). It is easier
to imagine the many stages involved in responding to a simple stim-
ulus such as ours by imaging what would happen if a computer were
mechanically programmed to perform this task. If such a computer
had to react to this stimulus, its reaction times would be very fast
and would likely produce an exponential distribution centered
around the clock speed. Because humans must balance other tasks
and attend to other details in their perceptual environment, the
change in visual stimulus requires an additional step of aligning
attention with the task at hand. This additional step is required unless

endogenous control mechanisms prevent attention from drifting to
other matters. Task-directed inner speech may be one mechanism,
or corollary, of this endogenous control process. The distinctions
outlined here between human and computer attention are closely
related to Posner’s ideas of attention being divided into alerting, ori-
enting, and executive control (Posner, 2016).

For the wider literature on inner speech and its role in cognition, it
is important to note that inner voice only had a beneficial effect on
reaction times if it was also task-relevant. Inner speech is not simply
across-the-board beneficial which emphasizes two important things:
(a) Inner speech is a tool that can be used more or less productively;
(b) The content of inner speech makes a difference for behavior and
is not just an epiphenomenon of consciousness. However, the bene-
ficial effects of task-relevant inner speech could depend on the spe-
cific task as there are other examples in the mind-wandering
literature of task-related thoughts (usually negative) actually interfer-
ing with task performance (Gonçalves et al., 2017; Maillet & Rajah,
2013; McVay & Kane, 2009). These tasks are usually more contin-
uous (e.g. the Sustained Attention to Response Task or the
Metronome Response Task)—in our case, we believe that any
thoughts related to the task would prime the reaction time response
and thus be beneficial.

Limitations of the Current Study

The main limitation of the current study is the reliance on self-
reported data collected online. Although jsPsych has performed
well on benchmark tests of reaction time (de Leeuw & Motz,
2016), the differences reported in the current paper are very fine-
grained so even small amounts of noise due to software or hardware
differences could distort the data. The fact that our results replicate,
however, indicates that incidental noise did not create the results. We
cannot think of any reasons why any noise components related to the
experimental setup would affect task-relevant inner speech trials dif-
ferently than other trial types.

It could also be problematic that we ask participants after they
have responded to a button press what they were experiencing imme-
diately before the prompt and then use those answers to predict the
reaction times. The alternative was to alternate randomly between
experience prompts and reaction time prompts but that would
cause different problems—first, the experiment would be longer
because we would have to insert twice as many wait times to
allow participants to go off-task again, and second, we would then
be even less confident that the experience reported after the experi-
ence prompt had an effect on the reaction time. Another issue with
the procedure is that participants might have reported inner experi-
ence that “fitted” their reaction time, i.e. if they felt they had been
fast, they would answer “task-relevant” and if they felt they had
been slow, they would answer “task-irrelevant.” However, we do
not believe participants would have been able to detect such small
differences in reaction times when trials occurred several minutes
apart.

Even though participants were instructed to keep their gaze fixed
on the fixation cross during wait times, it is possible that they devi-
ated from these instructions and paid attention to their phone or a
book instead. While the online setup necessarily decreased experi-
mental control, we do not believe that the participants’ potential dis-
traction necessarily invalidates our results. If they were looking at
their phone or reading a book while waiting, they would presumably
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be slower to respond and report that they were off task. A reviewer
brought up the concern that participants may not have understood
what the different experience type categories meant (e.g. “unsym-
bolized thinking”). In experiments conducted online, it is of course
difficult to ensure that participants fully understand the task instruc-
tions but we did not get any feedback from participants in the free
answer blocks to indicate that they were confused. Additionally,
all the experience types were chosen at least a few times which
they presumably would not have been if participants did not under-
stand what they meant.

Conclusion

Investigating the influence of inner speech on behavior is a chal-
lenging pursuit, mainly because inner speech itself is an elusive con-
cept. We here explored a new method combining experience
sampling and attentional control and found that people to a large
extent talk to themselves to stay focused on a boring task. We also
found that this task-relevant inner speech was associated with reac-
tion times that were not only faster but also less distributed than
task-relevant non-inner speech, task-irrelevant non-inner speech,
and task-irrelevant inner speech. Our findings across two experi-
ments suggest that inner speech can be recruited as a tool for atten-
tional and behavioral control.
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